This study examined the effects of odors on sustained attention during a vigilance task. Two essential oils (lavender and eucalyptus) and two materials (l-menthol and linalyl acetate) were compared with a control. The increase in reaction time was significantly lower with lavender than with the control. The results suggest that the administration of lavender helped to maintain sustained attention during the long-term task.
We examined the effects of odors on sustained attention during a vigilance task and established an experimental system. The term 'vigilance' refers to the state of remaining alert and detecting infrequent and unpredictable stimulus events over a prolonged period of time. The most notable vigilance effect that occurs in the laboratory is a decrease in signal detection after 20-30 min of continuous work, 1) and tasks with high difficulty shorten that decrease after as little as 5 min. 2) A decline in vigilance could result in fatal accidents in certain situations. Since serious industrial mishaps in manufacturing and aviation or marine accidents are often attributed to human error, [3] [4] [5] there is a vital need to maintain a high level of vigilance.
If the observer has to discriminate a target from a nontarget represented in memory and stimulus events are presented rapidly, a vigilance decrease results from a decrease in perceptual sensitivity. 6) Previous studies have reported the effects of odors on alertness, arousal level, and performance in a vigilance task. Warm et al.
concluded that exposure to whiffs of a fragrance (muguet and peppermint) could enhance the rate of signal detection in a vigilance task.
7)
Sakamoto et al. have reported that exposure to the ambient odor of lavender during a period of recess from work sustained the tracking task efficacy in contrast with a control and jasmine. 8) Conversely, another study found that the administration of an odor stimulus (peppermint) via the nasal cannula did not decrease the latency for the detecting a task at the end of the work, while the periodic delivery of a tactile stimulus did.
9)
The conflicting results of these studies are mainly due to the lack of a standardized experimental protocol, different researchers using not only different kinds of odors but various research methods for exposing the subjects to the odors. Of course, a sustained alertness is necessary to maintain the work, 10) however we should be reminded that there are two seemingly conflicting effects from odors: a stimulating effect such as with peppermint and a seductive effect such as with lavender. Seductive odors are more effective than stimulating odors for more demanding tasks, because excessive alertness causes the vigilance to fall. On the other hand, stimulating odors are more effective for less challenging tasks, for they helps workers keep alert. We are also required to establish standardized study methods. For example, ambience is not the most reliable method for keeping the inhalation volume consistent, because the odor spreads widely in the air. It is not appropriate to interpret the results of the studies without taking these factors into consideration.
We examined in this present study the effects of odors by using two pure essential oils (lavender and eucalyptus) and the main components of lavender (linalyl acetate) and peppermint (l-menthol) via a direct odor delivery system. Subjects. Data was collected from seven (experiment I) and eight (experiment II) healthy adult males ranging in age from 20 to 24 years old. Each subject signed an informed agreement in which all procedures, benefits and possible risks of the study were indicated. The subjects were required to abstain from alcohol and excessive eating in the days before the experiments. On the days of the experiments, the subjects abstained from hard exercise, and from food and drink for 2 h prior to the experiment.
Materials. The stimuli were essential oils of Lavendula angustifolia (lavender), Eucalyptus globlus (eucalyptus; Kenso Igakusha Inc.) in experiment I, and l-menthol and linalyl acetate (Kishida Chemical Co., Ltd.) in experiment II. The odor was delivered through the device represented in Fig. 1 . Mixed gas, purified by passing through activated carbon, fed the bottle containing each odorant. Pressure on the bottle permitted delivery of the odorant to each subject presented 10 centimeters below the nose.
The flow rate of the odors was 3.51/min. Mixed gas was passed through the following devices in this order: a flowmeter, activated carbon, trap, and sample bottle. The gas was presented 10 centimeters below the nose of each subject. In order to compare the effectiveness of the odor, we also had a control condition of no odor.
The order of the odorants was randomized differently for each subject.
Task. We conducted a selection response task that depended on optical stimulation by using a laptop computer for a vigilance task. Each subject wore a jaw fixation device in order to stabilize the distance between subject and computer (Fig. 1 ). They were required to push a button with one of their hands only when they saw ''0'' on the computer screen. The screen showed numbers between 0 and 9, and the subjects were not to respond to any number other than ''0.'' A number was shown every one second, and the total task time was 30 min. In order to adjust the level of difficulty of the task, random dot noise was added to the numbers. The first two minutes of the vigilance task was a practice test. The results after the first two minutes were collected as a sample to calculate the percentage of correct answers Statistical analyses. Two-way repeated-measures ANOVA was conducted, with time and odor as the within-subject factors. Any significant main effects were followed up with the Bonferroni correction to time, and with Dunnet's test to odor.
Experiment I: The quantity of consumed odor was measured by weighing the sample bottle before and after the test. Lavender essential oil was consumed at 0.29 mg per liter of air, and eucalyptus essential oil was used at 4.8 mg per liter of air. Since most of the odor naturally diffused, it is difficult to report the exact amount of odor that had been inhaled by a participant with this testing method. Among the odor conditions, we found a significant difference in the main effect (F(2,12) = 3.032, p ¼ 0:86), and the result of the multiple comparison showed a significant difference between the lavender and control condition (t(39) = 1.861, p < 0:001).
Experiment II: The quantity of consumed odor was measured by weighing the sample bottle before and after the test. l-Menthol was consumed at 0.043 mg per liter of air, and linalyl acetate was used at 0.46 mg per liter of air. Since most of the odor naturally diffused, it is difficult to report the exact amount of odor that was inhaled by each participant with this testing method. point, and between the 12-min point and 18-min point (p < 0:05).
A significant difference was found in the change in reaction time [Á Reaction Time] among time points (F(13,78) = 5.588, p < 0:001), although there was no significant inclination found according to the result of the multiple comparison.
The main effect of odor conditions demonstrated no significant differences.
The results of experiment I show that the increase of reaction time in the final phase corresponds to the results in earlier literature, indicating that the level of performance decreased between 30 and 45 min after work had started.
2) This confirms that the task for the selective reaction that we used for this test was appropriate.
Concerning odor, lavender showed a slow reaction span compared to the control. Linalool, the main component of lavender, is known to have a tranquilizing effect. 11) That is why lavender is used to induce sleep. It has also been reported that lavender raised work performance levels which are required to stay alert. 12) The depressant activity toward excessive arousal that the lavender odor has helped to maintain a certain degree of attention and restrained the decrease of vigilance even after a certain amount of time.
On the other hand, the results of experiment II showed no effect of odor (l-menthol and linalyl acetate). Linalyl acetate has been reported to have a tranquilizing effect like linalool, and l-menthol is known to have a stimulating effect. It is assumed that the difference between the essential oil and the material in the influence on the living body depended not only on a single material, but on a combined mechanism. Moreover, the influence caused by the odors is known to be different in the effect of a single material. Therefore, it is necessary to quantify the amount presented to clarify these factors.
This study evidently shows that lavender, a common, pure, botanically volatile substance, helped restrain the decrease of vigilance. As we accumulate more data on the effectiveness of various kinds of natural volatile substances, together with intensity control, we should be able to have a clearer idea about the effectiveness of pure, botanically volatile substances on vigilance, which will contribute to a reduction in human error.
